In a previous paper (1) it was shown that digitalis in dogs caused a fall in venous pressure at the time when the minute volume flow of blood was diminished. This fall in venous pressure, and hence in return flow of blood to the heart, was correlated with a peripheral vasocontrictor action of the digitalis. It was indicated that constriction of the hepatic veins was the major factor in causing a redistribution of blood, with pooling in the splanchnic area. This venous action of digitalis agreed with results on the perfused liver and on excised veins reported in the literature. Kobert (2), in 1886, and Lampe and Mehes (3), in 1926, demonstrated that digitalis and allied glucosides caused a marked constriction of the vessels of the perfused liver, and Franklin (4), in 1925, reported constriction of excised veins by digitalis. In our experiments on dogs there was a progressive increase in volume of the liver in-situ and a simultaneous constriction of the intestines after doses of digitalis corresponding to the full therapeutic. Although the significance of these changes in the splanchnic region were appreciated at the time, it was thought that additional data on the state of the portal circulation were desirable, particularly with reference to confirmation or denial of the constrictor action of digitalis on the hepatic veins. In the present paper, therefore, further experiments on this portal mechanism are presented, the results with digitalis being compared and correlated with those with histamine and epinephrine as controls.
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DIGITALIS AND STROPHANTHUS
The same tincture of digitalis was used as in our previous experiments (1 serted through the jugular vein into the heart, and attached to a water manometer and piston recorder. The portal pressure was recorded from a cannula in the central stump of the splenic vein close to the portal vein, the spleen being ligated. In this way interference with portal flow was reduced to a small but fixed minimum. This cannula was joined to a second water manometer and piston recorder. The changes in a typical experiment were as follows: after the 3 , in which splanchnic vasoconstriction predominated. At the heightof the response to the drugs, the smallest increase in portal pressure after digitalis was 37 per cent (dog 1), and the greatest, a rise of 336 per cent after strophanthus (dog 4). There was thus a considerable variation in the degree, but not in the kind, of response.
In dogs 1 and 2, atropine was not used, and therefore, digitalis slowed the pulse. Bradycardia usually causes a rise of venous pressure, but in dog 2 the venous pressure fell despite the opposing influence of the cardiac slowing. The remaining three dogs were atropinized before the injections of digitalis, so that changes in pulse rate could not influence the venous pressure, which nevertheless was decreased in all dogs.
The consistent action of digitalis. and strophanthus in increasing the portal pressure and diminishing the venous pressure points to an interference in portal drainage. This could only be caused by a block in the liver. Since the volume of the liver increases (1), these drugs must cause a constriction of the emissary or hepatic veins. Such an action is physiologically possible because these veins are richly endowed with smooth muscle. Furthermore, constriction from digitalis has already been demonstrated in perfused livers (3) . The constriction in situ would result in pooling of blood in the portal region and thus lowering of the venous pressure, as demonstrated. A recent study by Wollheim (5) indicates that such a pooling also occurs in man, since he demonstrated a sudden diminution in the volume of the actively circulating blood after digitalis was administered.
The rise in portal pressure is most striking for a short time (5 to 12 minutes) after giving the drug, but does not parallel the progressive fall in venous pressure. This might be due to removal of the intrahepatic block (recovery of the hepatic vein from constriction), to opening up of the capillary bed in the portal area, or to other intervening factors. In order to determine whether hepatic vein constriction was the paramount factor in producing the fall in venous pressure, observations were made of the actions of digitalis in dogs in which the portal area was excluded from the circulation, and in those whose hepatic veins could not influence the portal flow. As far as we know, the only other observerwho has reported portal pressure changes after digitalis is Schmid (6) . Schmid also found an increase in portal pressure, but he attributed it to splanchnic vasodilatation. However, relaxation of the splanchnic vessels does not occur, as shown by ourselves and others, but on the contrary there is constriction. Splanchnic vasoconstriction would lower the portal pressure, by diminishing the inflow, and not increase it, as is the case.
Digitalis in dogs witi Eck fistulae. One kind of evidence on the role of the liver was obtained after shunting the blood directly from the portal vein into the inferior cava, without passing through the liver. A T-cannula was inserted between the portal vein and the caval end of the right renal vein of a series of dogs after the kidney had been pressure was tvpically increased, and the pulse rate was variably affected, being increased, slowed and unchanged. Typical changes in the venous and arterial pressures are illustrated by an actual record in figure 3 , where, after an initial sigh, the venous pressure rose steadily, and remained elevated during an observation period of 15 minutes. In this record the pulse rate was constant, so that the rise of venous pressure was not due to a slowing of the heart. It only in I dog (dog 9). The rise of venous pressure in dog 9 was very marked and was only partially antagonized by more than doubling the heart rate caused by atropine. Figure 4 shows the response of dog 11 to digitalis; the rise of venous pressure is very marked and persistent. Figure 5 shows the tremendous increase in venous pressure caused by strophanthus in dog 11. It is rather striking from the results obtained in these 3 dogs, in which digitalis and strophanthus could not act on the splanchnic arteries and hepatic veins, that the increases in arterial blood pressure were comparatively small. Consequently, splanchnic vasoconstriction determines not only the fall of venous pressure, but also contributes to the rise of arterial pressure after digitalis in normal dogs. Since in the absence of hepatic vein constriction, the venous pressure rose, the results leave no doubt that digitalis, in dogs, causes a portal pooling of blood, which is the most important, if not indispensable, element in diminishing the venous pressure, and therefore, the venous return to the heart. In our previous paper (1) it was pointed out that diminution in cardiac output after digitalis was probably due to lowered venous pressure and consequent inadequate cardiac filling. An opportunity was taken to demonstrate again the dependence of cardiac output on venous filling in dog 10 in which digitalis increased venous pressure. The cardiac output was measured by the Fick principle and found to be 2.99 liters per minute before digitalis and 6.12 liters per minute when the digitalis had raised the venous pressure. In this dog, therefore, in which the usual fall of venous pressure was reversed to an increase by cutting off the splanchnic circulation, the usual diminution in cardiac output was likewise reversed to an increase. This result testifies to the importance of the vasoconstrictor action of digitalis in the splanchnic, but especially the liver, regions, to its diminishing effect on cardiac output, and denies the alleged importance of the cardiac action (7) in the latter phenomenon.
At this point we may recapitulate our interpretation of the changes just described. The rise in venous pressure in digitalized dogs with splanchnic circulation ligated indicates a general vasoconstriction from the drug, enhanced by a relative increase in blood volume due to ligation of the intestine. This rise causes a shift of blood into the great veins. In normal dogs receiving digitalis, this shift is pre-vented by pooling of blood in the portal area, the liver and spleen, when the hepatic veins are constricted by the drug. This pooling in the portal area is accompanied by a marked but not necessarily long sustained rise in portal pressure, at a time when the systemic venous pressure is falling. A large volume of blood is locked, so to speak, between constricted splanchnic arteries and the constricted hepatic veins. It is conceivable that the accumulation of blood in the portal area, without continued rise in portal pressure, might be due to capillary dilatation as a result of ischemia from prolonged arteriolar constriction. We have no evidence of such a compensatory mechanism for digitalis although it is known or assumed to exist in other conditions. However, there is the inescapable experimental result that digitalis causes a simultaneous fall in systemic, and rise in portal vein pressures, which is valid evidence of constriction of the hepatic vessels, that is, the hepatic veins, which are interposed between the vena cava and the portal vein. Since these reciprocal changes in venous pressures do not continue strictly parallel, and vary quantitatively over wide limits, it can not be concluded from the records of portal and systemic pressures alone that the fall in venous pressure in digitalized dogs is due solely to hepatic vein constriction. But, the failure to demonstrate any fall in venous pressure in dogs, the portal blood in which escaped directly into the vena cava through a shunt, establishes the dominant importance of the liver vessels (the hepatic veins) in controlling venous pressure in digitalized dogs. This mechanism likewise determines the venous return to and output of blood from the heart after digitalis. -The correctness of our results on portal and venous pressures, and therefore the action on hepatic veins, is further testified to by the similar effects of histamine and epinephrine, obtained in this laboratory and also reported in the literature. These drugs were not exhaustively studied, but, since the results are interesting in themselves and also important in connection with digitalis, they may be briefly described.
HISTAMINE
The importance of the liver in histamine shock has been the subject of considerable study. Most of the evidence bearing on this problem has been indirect or derived from in vitro experiments. Franklin (4) , in 1925, showed that histamine constricted excised veins, and Inchley (8) , in 1926, pointed out that in perfused organs the veins were more sensitive to histamine than were the arteries. Mautner and Pick (9) had previously perfused excised livers of dogs, cats and monkeys and shown that the hepatic veins were constricted by histamine causing a stasis and dilatation of the liver capillaries. This was confirmed in the case of the perfused liver of dogs by Baer and Rossler (10). Dale and Laidlaw (11) argued against the existence of such a mechanism in the intact cat, in which they thought the portal system was not engorged with blood during histamine shock, but rather appeared collapsed. Direct and conclusive evidence that portal block was actually produced in histamine shock was obtained by von Haynal (12) , who compared the effects of histamine upon cardiac filling and blood pressure in dogs with Eck fistulae and reversed Eck fistulae. Feldberg, Schilf and Zernik (13) analyzed the role of the liver in intact dogs, and found that histamine could cause a rise of portal pressure through hepatic vein constriction, but they also showed that the latter was not the predominant mechanism in histamine shock, and that other vascular regions were also concerned in the result. Nevertheless, there is a definite action of histamine on the hepatic veins with corresponding changes in liver volume and portal pressure, similar to those of digitalis and strophanthus described in this paper. The results of four injections in as many dogs may now be briefly described.
The changes in portal, venous and arterial pressures are shown in table 1 . It is seen that the changes after histamine were rather uniform throughout. There was a median fall of arterial pressure of 50 per cent and of venous pressure of 39 per cent. At the same time the portal pressure rose 104 per cent (median). The simultaneous changes, i.e., fall in venous and rise in portal pressures, confirm those of Feldberg, Schilf and Zernik (13) . Inasmuch as the blood pressure fell precipitously during the relaxation of the peripheral vessels, it can not be claimed that the rise of portal and fall of venous pressures were due solely to hepatic block, although this might contribute to the effect. More definite evidence on this point was sought in two Eck fistula dogs. In these ( responses by alternately shunting all or none of the blood through this organ. He found that, in the ordinary Eck-fistula dog, when no blood was going through the liver, the cardiac filling and blood pressure responses to epinephrine were normal, but when all the blood passed through the liver, in reversed Eck-fistula dogs, the pressor response was almost abolished, and the liver was blocked (vessels constricted) by the drug. Our data on six dogs are shown in tables 1, 2 and 3.
In the normal circulation, where the portal pressure was measured, 2. After eliminating the liver from the circulation by shunting the portal blood directly into the inferior vena cava, or by ligating the arteries which supply the splanchnic area, digitalis or strophanthus did not cause a fall of venous pressure, but in several instances raised it, and did not cause as marked an elevation of arterial pressure as in the animals with the splanchnic circulation intact.
3. Therefore the fall in right auricular pressure, after giving digitalis to dogs with the hepatic circulation intact, was due to diminished venous return flow, and ultimately to an accumulation of blood in the splanchnic or portal region as a result of obstructed hepatic outflow (hepatic vein constriction).
This mechanism adequately explains the diminution in cardiac output after digitalis, since a diminished venous return must result in deficient cardiac filling. This conclusion agrees with that of our previous paper.
4. The experimental procedures used to determine the actions of digitalis and strophanthus were controlled by comparisons in the same organism with known actions of histamine and epinephrine which cause a similar pooling of portal blood through a similar mechanism, the actions being modified, however, by changes in other vessels.
